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UPTAKE BY BROOK TROUT OF LEAD AND HYDROCARBONS
FROM SNOWMOBILE EXHAUST.

I.

Field Study

EVELYN S. ADAMS

B.A. University of Maine, 1970
M.S. University of New Hampshire, 1972

ABSTRACT
UPTAKE BY BROOK TROUT OF LEAD AND HYDROCARBONS
FROM SNOWMOBILE EXHAUST.

I.

Field Study

by
EVELYN S. ADAMS
Lead and hydrocarbons from snowmobile exhaust were
found in the water and in fingerling brook trout (Salvelinus
fontinalis) held in fish cages in a Maine pond.

The con

taminants accumulated during the previous winter when
snowmobile operation on the pond was equivalent to one
snowmobile burning 250 liters of fuel per season on a
0.^05 ha pond with average depth of 1 m.

Lead content of

the water rose from k .1 ppb before snowmobiling to 135 ppb
at ice-out; exposed trout contained 9 "to 16 times more lead
than controls.

Hydrocarbon levels, undetectable prior to

snowmobiling, reached 10 ppm in the water and 1 ppm in
exposed fish.

v

INTRODUCTION
The increasing number of snowmobiles in the United
States and Canada has led to studies principally on effects
of snow compaction on wildlife, vegetation and soil
microbes (Jarvinen and Schmidt, 1971. Pruitt, 1971; Wanek,
1971)*

However, little work has been done with chemical

effects on either terrestrial or aquatic environments.
With heavy use of snowmobiles on frozen lakes, ponds and
their watersheds, the aquatic habitat receives the exhaust
hydrocarbons and tetraethyl lead from millions of gallons
of fuel burned each winter in the United States.
Shelford (1917) first noted that fish were attracted
to petroleum wastes, and concentrations as low as 1 part per
million (ppm) in water killed sunfish (Lenomis gibbosus) .
Later studies have shown that 5 to 50 ppm of petroleum
hydrocarbons are fatal to most adult fish (McKee and Wolf,
1963)1 and 0.1 to 1 ppm of larvae (Kuhnhold, 1969) •

Dis

ruption of feeding, homing, and reproductive behavior may
occur at 10-100 parts per billion (ppb) (Offshore Oil Task
Group, 1973).

Halstead (1972) linked cancerous tumors in

English sole (Parophrys vetulus) in San Francisco Bay to
the petroleum waste discharged in the area.

Uptake of

petroleum hydrocarbons by aquatic animals was confirmed
by Blumer, et al. (1970) using gas chromatography.

They

found hydrocarbons concentrated in the fatty tissue of
bivalves where the compounds were isolated from further

1
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degradation and passed from prey to predator along the food
chain.

Shipton, et al., (1970) found that small amounts of

kerosene in sea water were concentrated in mullet (Mugil
cephalus).
Lead is a cumulative poison causing death at 0.3
ppm in soft water (Carpenter, 1927), and significant behav
ioral changes in fish at 70 ppb (Weir and Hines, 1970).

In

bioassays with rainbow trout (Salmo gairdneri) Davies and
Everhart (1973) considered 6 to 11.9 PP^> as the maximum
acceptable concentration of dissolved lead in soft water
(26 ppm alkalinity).

Uptake of lead in amounts potentially

harmful to the fish species involved and to human consumers
have been demonstrated by Chow (1971).

He found that liver

from sea bass caught near the Los Angeles, California coast,
an area of high gasoline consumption, contained 22 ppm lead,
twice the amount found in fish taken 300 km offshore.
Almost all snowmobiles have two-stroke-cycle
engines.

Two features in the basic design of these

engines contribute to a greater quantity and complexity
of exhaust products than those from automotive (fourstroke-cycle) engines (Lussier, 1970).

An air-tight

crank case necessitates adding lubricating oil to gasoline,
and combination of intake and exhaust strokes adds un
burned fuel to the exhaust.

The exhaust pipe in snow

mobiles is generally in front of the track and a few
inches above its lower surface.

In powder conditions,

exhaust is in direct contact with snow and is immediately
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packed as the track passes over.
The role of the two-stroke-cycle engine in water
pollution has been proven with outboard engines (English
et al., 19^3; Pflaum et al.. 1968; Ferren, 1970).

English

reported 105 grams of non-volatile oil, 51 grams of
volatile hydrocarbons (gasoline), 1.6 grams of phenol,
and 0.5 grams of lead discharged per gallon of fuel burned.
He also found exhaust water toxic to bluegills (Lepomis
macrochirus) and noted an oily taste in fish exposed to a
fuel usage of 8 liters per million liters of lake water
per season.

Although outboards discharge exhaust under

water, and (until 1972) generally have a fuel drain,
the problem with snowmobiles is similar.
The purpose of this study was to determine amounts
of lead and hydrocarbons from snowmobile exhaust present
in water and the degree of uptake by brook trout (Salvelinus
fontinalis).

MATERIALS AND METHODS
A 0.1 hectare farm pond, Towle's Pond in Freeport,
Maine, remote from houses or heavily traveled roads, was
utilized in this study.

The pond is filled by springs

and surface drainage from adjacent woods.

A hydrographic

map showing sampling sites and physical-chemical data
prior to the experiment are given in Figure 1 and Table 1.
Beginning in December, 1971 > and continuing
through March, 1972, 56.8 liters of gasoline were burned
in a snowmobile operated on the pond, giving a ratio of
approximately 1 liter of fuel burned to 15,000 liters of
diluting water.

An equal amount of fuel was also burned

on the pond from December, 1972 to April, 1973*

Runs of

varying times and speeds were made in all snow conditions.
Snowmobiles used were the previous year's models and
included four popular makes ranging from 12 hp to 26 hp.
I used standard brands of regular gasoline and snowmobile
oil in both 20si and ^0:1 mixtures, according to the
manufacturer’s specifications.
Measurement of temperature, oxygen, pH, Eh, and
analysis of water samples for lead and hydrocarbons were
made at intervals from ice-out 1972 through June, 1973Surface samples were taken 1-10 cm below the surface and
deep samples were taken approximately 10 cm from the
bottom.

Samples consisted of equal amounts of water

from each of the three sites.
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In all I used three groups of 20 fish each
designated by year and order of pond entry (72-1 , 73-1
and 73-2), and three control groups.

Within 12 hours

after ice-out each spring in 1972 and 1973, polyethylene
mesh fish cages were anchored near the surface in the
pond.

A local hatchery supplied brook trout (Salvelinus

fontinalis) 7*5-10 cm long.

Twenty control fish were

frozen immediately for analyses; another twenty were
placed in the cages where they were fed their normal
hatchery diet twice daily for 3 weeks (groups 72-1 and
73-1).

They were then washed thoroughly with distilled

water and frozen.

During the spring of 1973 this process

was repeated for an additional 3 weeks with another group
of fish (group 73-2).
Water samples for lead analysis were taken in
3*79 liter polyethylene bottles, acidified in the field
with 10 ml concentrated nitric acid (analytical grade)
to prevent lead precipitation (American Public Health
Association et al., 1971), and then frozen.

The lead

was extracted from the thawed water samples into methyl
isobutyl ketone (MIBK) using ammonium pyrrolidine
dithiocarbonate (Brooks .et al., 1967).

The MIBK solutions

were then analyzed by atomic absorbtion spectroscopy
and compared with similarly processed standards.
Individual whole trout were analyzed for lead
content.

Each fish was washed thoroughly in distilled
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water, homogenized and lyophilized (Pringle, et al., 1967)
in a polyethylene vial.

These samples were sent to the

Analytical Chemistry Facility at Colorada State University
where lead determination was done by atomic absorbtion
spectroscopy using the chelation-extraction procedure
(Brooks, et al., 1967).

Water samples for hydrocarbon

analysis were collected in glass bottles and extracted
the same day.

Five liters of sample were extracted

with 250 ml methylene chloride (Mallinckrodt, Nanograde)
according to the procedures of Hites and Biemann, 1972.
The extracts were filtered, dried with sodium sulfate
and held under nitrogen at -20°C.
For hydrocarbon assay 60 gram lots (5-8 fish) from
the control group, and a similar sample from the exposed
group were washed thoroughly in distilled water and ground
in a Waring blender with 300 ml methylene chloride for
30 minutes.

The extracts were filtered, dried with

sodium sulfate and held under nitrogen at -20°C. Gasliquid chromatography of both water and fish extracts
was conducted at the New Hampshire Water Pollution Labora
tory in Concord, N.H.

Equipment consisted of a Hewlett-

Packard ^02 Hi-efficiency gas chromatograph with a column
1.83 m x 0.6^ mm O.D. glass packed with 3% 0V-1 on 90-100
mesh anakrom A B S .

Samples of 1 ul from the original

250 ml extract were run isothermally at 90° C .
I obtained no reliable results from 1972 samples
due to difficulty in finding optimum conditions for gas-
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liquid chromatography of a complex mixture of polar and
non-polar hydrocarbons with a wide range of boiling
points.

I concentrated in 1973 on the qualitative

"fingerprinting" technique used by Blumer et al. (1970).
Tracings of the polluting hydrocarbons, exposed animals,
and control animals were compared.

Peaks corresponding

to those in the pollutant present in the exposed sample
and absent in the control indicate uptake (Figure 5)•
Quantitative estimates were obtained by comparing size
of exhaust peaks with those in a known amount of fuel.

8

RESULTS
Pond samples (Figure 2) showed a dramatic increase
in lead at ice-out from ^.1 ppb to 88 ppb in 1972 and
135 ppt> in 1973-

A significant peak, 38 ppb, occurred

in the ice covered pond following several days of melting
conditions in 1973-

During the 1972 experiment from 9

to 15 ppb lead, three times the normal amount, persisted
for 3 weeks in surface and deep samples.

In 1973 lead

levels dropped rapidly within 72 hours after ice-out and
returned to near normal after 6 days.
Recent investigations on polluted rain and snow
in Norway (Hagen and Langland, 1973) made it necessary
to rule out contamination from this source.

In the

Norwegian study input of lead and other ions (S0^“ , N0~)
occurred together with high acidity.

In Towle's Pond a

plot of Pb, pH and Eh (Figure 3) in surface water indicates
that lead peaks were not associated with lowered pH or
changes in oxidation-reduction potentials.

Samples

taken near the bottom during 1973 showed a slight (2 ppb)
rise in lead content at the time of turnover, but the high
levels found in surface samples were not detected.
A modified "t" test (Dixon and Massey, 1969)
was applied to exposed and control fish in all three
groups.

Lead content of trout held in fish cages for 3

weeks following ice-out (groups 72-1 and 73-1) is given
in Table 2.

Lead levels in exposed fish were 15-7 times
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those of control fish in 1972, and 8.8 times controls in
1973. significant at the 0.01 level.

Group 73-2, fish

held in cages for a 3 week period following exposure of
group 73-1» showed a statistically significant (P< 0.05)
higher lead content than control fish (Table 3)•

Lead

amounts in control fish were similar to those in 12 species
of "wild" fish utilized in a recent study on analytical
methods (Gajan and Larry, 1972).
Four fish died during the first 6 hours of the
1973 experiment.

No external signs of acute lead

poisoning such as mucus on the gills (Carpenter, 1927)
were evident.

Possible cause of death was the low oxygen

levels (3 ppm) in the pond at that time.
An oil slick was visible around the edges of the
pond for approximately 1 week after ice-out each year.
Figure ^ gives chromatograms of pond surface samples
taken at ice-out (A), 3 days (B) and 6 days (C) after
wards.

Hydrocarbon levels were in the range of 1-10 ppm.

The chromatogram of pond water at ice-out (A) showed a
dose similarity to that of the standard snowmobile exhaust
sample (Figure 5(A)).

I was unable to detect exhaust

hydrocarbons by GLC in later samples or in any deep
samples .
Chromatograms of snowmobile exhaust (A), exposed
fish (B) and control fish (C) are given in Figure 5Numbered peaks in exposed fish (group 73-1) correspond
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to those in the exhaust sample indicating incorporation
of at least six exhaust components in exposed fish.
These peaks are absent in control fish.

Unfortunately

equipment for identification of these substances was not
available.

Chromatograms of group 73-2 fish were identical

to those of control fish.

Comparisons of chromatograms

of exposed fish and those of known dilutions of fuel
mixture show that hydrocarbon levels in the exposed
fish were in the range of 0.1 to 1 ppm.
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DISCUSSION
Like other heavy metals, lead is frequently
i
associated with carbon compounds (Shimp et al., 1971).
The pond water was light brown in color from humic acids
and other organic compounds.

Complexing with large

organic molecules might hold some lead in suspension for
a short period of time as seen in the 1972 results (Figure 2).
Precipitation of dissolved lead from dilute solution occurs
when the pH is raised to 6 (Dean et al., 1972).

Although

the pH remained below 6 after- ice-out, the presence of
sulfur and iron compounds in the pond could cause removal
of lead under the observed acid conditions (Pourbaix,
1966), and account for the rapid drop in lead levels in
1973-

Removal of lead from the surface waters of Towle's

Pond is consistent with a nationwide study of reservoirs
and local precipitation by Lazrus et al. (1970).

They

found that surface waters generally contained only half
the lead present in local rainfall indicating some preci
pitating mechanism.

The probable fate of lead is in the

sediments (Shimp et at., 1971; Chow et al., 1973).

I

did not analyze sediments or benthic animals in the pond.
Lead content of surface waters following ice-out
both years was well above the U.S. P.H. standards of
50 ppb for drinking water (U.S. Public

Health Service,

1962) and AFS recommendations of 10 ppb for fish life,
(Committee on Heavy Metals, 1970).

As yet the U.S.
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Public Health Service has not established limits for lead
in food fish, but the Canadian Food and Drug Directorate
sets a tolerance of 2 ppm for lead.

The exposed trout

from the pond contained up to k .times this amount.
The small size of the fish precluded analysis of
individual organs and tissues to determine sites of lead
and hydrocarbon uptake or concentration.

There are reports

that both substances may be taken up either through the
body surface, including the gills or via food chain
organisms (Kariya et al., 19&9; Butterworth et al., 1972;
Wilder, 1970, and Blumer et al., 1970).

Although the

fish were given their normal hatchery ration, I frequently
observed them feeding near the surface on natural food such
as insect larvae and zooplankton.

Continual low level lead

uptake in group 72-3 fish after lead content of the water
had returned to near normal suggests some contamination
from food chain organisms.

Amounts of lead and hydro

carbons were greatest in surface waters at a time when
in natural situations 0 ^ depletion in lower layers

and

intense springtime feeding activity brings trout near the
surface.
The ratio of one liter of fuel burned to 15,000
liters of diluting water is equivalent to one machine
(burning 250 liters of fuel per season) operating on a
0.^05 hr pond averaging 1 m in depth.

At present this

situation is unrealistic for all but a few small lakes in
well populated areas.

However, many lakes receive heavy
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outboard motor activity in summer with the consequent
addition of similar pollutants.

The cumulative nature

of lead and some hydrocarbons must be considered here.
With rapidly increasing numbers of snowmobiles each year
we may soon approach a time when lead and hydrocarbons
will be added to some of our surface waters summer and
winter in levels above A.P.H.A. and A.F.S. standards.
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Table 1.

Physical-chemical data prior to snowmobile tests,
November 1971» Towle's Pond Freeport, Maine

10 ppm

hco3

4 ppm

CO"

0 ppm

Eh
PH ._
Hydrocarbons
Lead

+ 3^5

5-5
none detected
4.1 ppb

Area

963 m 2

Volume

825 m 3

Maximum depth

2 m
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Table 2.--Lead content (ppm) of exposed and control trout -groups 72-1 and 73-1.

1972
Control

1973
Exposed

Control

Exposed

1.01

6.32

.47

4.52

.32

6.87

.68

k.50

.29

3-66

•55

5.62

•19

5.14

•7k

7.45

•37

7.25

•52

8.64

•3*+

5 M

1.03

5-90

.25

6.64

•56

3.74

.21

5.23

.55

4.90

•37a

5 .82a,b

.6ka

5 .66a,1°

a = mean value
b = significantly different from control at .01 level
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Table 3- —

Lead content (ppm) of exposed and control trout -group 73-2.

Control

Exposed

.47

.42

.68

1.51

•55

.54

.74

•7.5

•52

1.62

1.03

1.67

.56

1.36

•55

.51

.64a

1.05a,b

a = mean
b = significantly different from the control at the .05
level using a modified "t" test.

Figure 1.

Towle's Pond, Freeport, Maine.

Contour

interval .3 m; maximum depth 2 m; area
963 m^; volume 825 m^; sampling sites (

o
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Figure 2.

Lead levels in surface waters of Towle's Pond
and exposure times of experimental fish.
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Figure 3.

Pb, pH and Eh in Towle's Pond February - May
1973-
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Figure

Gas chromatograms of Towle's Pond water 1973Corresponding peaks are numbered.

Ice out

B

3 days

6 days

8
I

9
J
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Figure 5*

Gas chromatograms.

(A) snowmobile exhaust in

snow; (B) exposed fish group 73-1; (0) control
fish group 73-1*
numbered.

Corresponding peaks are

Snownpbile exhaust in
snow(stanaara)

Recorder response

8

B

Exposed fish, group 73-1

Control fish, 1973

Time
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Snowmobile damage to vegetation, soil microbes and
small mammals by compaction has been reported by Jarvinen
and Schmid (1971) and Wanek (1971).

A recent study

(Adams, 197^) showed that lead and hydrocarbons from
snowmobile exhaust can reach levels potentially harmful
to fish at ice-out in small ponds.

A continuation of

that study by laboratory bioassay required a standard
reproducible solution containing the maximum recoverable
amounts of lead and hydrocarbons in melted snow.

The

intent of this note is to report measurements of lead and
hydrocarbons which were made during.the process of deter
mining maximum snow contamination.

Amounts similar to

those found might be expected from general snowmobile
operation.
To obtain the standard solution, I burned 1 gallon
of regular gasoline (3-79 l) at varying speeds on a 50 x
100 foot (16 x 33 m) oval track using a 1971 Ski-do
"Olympique" snowmobile with center exhaust.

After the

running period the top 0.5 inch (1.3 cm) of snow the width
of the track was collected with teflon-coated shovels
and put in polyethelene barrels.

In five trials, all

directly after a new fall of powder snow, this procedure
yielded an average of 50l5 gallons (l89tl9 l) of melted
snow containing exhaust lead and hydrocarbons.

A control

sample of snow was taken 200 feet (66 m) from the test
area.

I collected successive 0.5 inch (1.3 cm) layers of

1

2

snow from the snowmobile track and determined tetraethyl
lead content by atomic absorbtion spectroscopy using the
chelation-extraction procedure (Brooks, et al., 1967).
A duplicate test made in the late winter on frozen granular
snow produced 65 gallons (2^5 l) of melted snow with much
less lead in each layer (Table l ) . Winds were calm,
humidity 27 to

and temperatures 19°-25°F during all

tests.
Snow samples from each layer were extracted into
methylene chloride and analyzed for hydrocarbons by gasliquid chromatography under the conditions previously
described (Adams, 197^)-

Chromatograms showing exhaust

hydrocarbons in powder snow are given in Figure 2.

Hydro

carbons ranged from 10-100 ppm in the top 1.0 inch (2.5 cm)
and approached control levels below 1 inch (2.5 cm).

In

granular snow hydrocarbons were below the level of detection
(0.1 ppm).
On the basis of these preliminary tests it appears
that the greatest concentrations of exhaust lead and
hydrocarbons are found in the top 0 .5 inch (1.3 cm) of
snow beneath a snowmobile track.

Lead levels remained

high in the top 1.5 inches (3-8 cm).

Hydrocarbons were

found principally in the top 1.0 inch (2.5 cm).

Granular

snow retained significantly less exhaust lead and hydro
carbons than powder snow.
Total lead and hydrocarbons from snowmobile exhaust

3

probably are distributed in sharply decreasing amounts
outward from the track as shown in automobile exhaust
studies (Cannon, 19&2).

Although the high levels found

in surface layers of the track represent an unknown
fraction of the exhaust, they provide an estimate of
minimum lead and hydrocarbon content of potential runoff,
and consequent exposure levels for soil and aquatic
organisms.
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Table 1. —

Lead Content of Snow from a Snowmobile Track

Snow depth (in.)

Lead Content (ppb)
Powder
220

26

o•

172

19

- 1.5

148

12

4

4

surface - 0.5
O

i

VO

l.o

Granular

Control

Figure 1.

Gas chromatographs of snow layers beneath
snowmobile track.

Surface to 0.5 inch
(1.3 cm)

Recorder response

0.5 inch to 1 inch
(1.3 to 2.5 cm)

1.0 to 1.5 inches
(2.5 to 3.8 cm)

Control

Time
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ABSTRACT
UPTAKE BY BROOK TROUT (Salvelinus fontinalis) OF
LEAD AND HYDROCARBONS FROM SNOWMOBILE EXHAUST
III.

Laboratory Study
by

EVELYN S. ADAMS
Fingerling brook trout (Salvelinus fontinalis) were
held in melted snow containing three different concentra
tions of snowmobile exhaust.

After a 3 week exposure,

individual whole fish and pooled samples of certain
tissues were analyzed for lead.

Groups of 5 to 8 fish

(60 gram lots) were analyzed for hydrocarbons.

Trout in

the most concentrated exhaust solutions showed significantly
higher lead contents than controls.

Digestive tract

tissue contained the most lead (2 ppm) and gills the
least (.2 ppm).

Hydrocarbon peaks (0.1-1 ppm) corresponding

to those in snowmobile exhaust were found in exposed fish.

v

INTRODUCTION
The effects of small amounts of lead and hydro
carbons on fishes are well documented (Davies and Everhart,
1973. Offshore Oil Task Group, 1973)■

English et al. (1963 )

showed that outboard motor operations result in significant
amounts of both substances in lake water.

Snowmobiles are

similar two-stroke-cycle engines that deposit the exhaust
from millions of gallons of gasoline and oil each winter
on frozen lakes and ponds and their watersheds. Organisms
in the water are exposed to these exhaust products when
the ice melts.
I recently reported significant uptake of lead and
hydrocarbons by brook trout (Salvelinus fontinalis) from
snowmobile exhaust (Adams, 197^-a) .

The work was done

on a small Maine pond where certain physical, chemical and
biological characteristics may have influenced the results.
The purpose of this study was to investigate lead and
hydrocarbon uptake in brook trout exposed to snowmobile
exhaust under more controlled conditions.

1

2

MATERIALS AND METHODS

A 16 x 33 ® (50 x 100 ft) oval track was laid out
on a snow covered field remote from houses or well-traveled
roads.

After a 20 cm (8 in) powder snowfall, I drove a

Ski-do "Olympique" 25 hp snowmobile with center exhaust
around the track at varying speeds until 3*79 1 (1.0 gal)
of fuel was burned.

I used a

teflon-coated shovel to

collect the top 1.3 cm (0.5 in) of snow the width of the
track in polyethylene barrels.

By removing only the layer

of snow showing tread marks a reasonably consistent 1.3 cm

(0.5 in) sample was obtained.

In powder snow conditions

this procedure produced 189*19 1 (50t 5 gal) of melted snow
containing snowmobile exhaust in the ratio of 1.0 liter

(1.0 gallon) of fuel burned to 50 liters (50 gallons) of
diluting water.

I called this mixture "standard solution".

To simulate springtime melting conditions the snow was held
at 8-10°G until it was melted.
Samples of standard solution were extracted and
analyzed for lead by atomic absorbtion spectroscopy and
for hydrocarbons by gas-liquid chromatography using
procedures previously described (Adams, 197^+a) .

Assuming that the greater part of all the exhaust
present in snow was contained in the top 1.3 cm (0.5 in)
(Adams, 197^b), I used the standard solution to make up
three 38 1 (10 gal) aquaria corresponding to dilutions of
1 :1000, 1:5000 and 1:25000 (liters of fuel burned/liters
of diluting water). A control tank contained only the

3
diluting water.

This was well water with a pH of 6 .8 ,

55 ppm "bicarbonate alkalinity, and ^ ppb lead.
were aerated and the solutions renewed daily.

The aquaria
Each aquarium

was stocked with 20 brook trout 7 to 10 cm in length.

They

were held for 3 weeks and fed their normal hatchery ration
except for the final 3 days.

Upon removal they were washed

thoroughly in distilled water and frozen.
I held two additional groups of 20 fish each for 3
weeks in 1:1000 dilution and in a control aquarium for
subsequent lead analysis of certain tissues.

I saw no physical damage or evidence of stress in
any of the fish during the bioassay.
Excluding the two groups held for tissue analysis,
half the number of fish in each aquarium were used for lead
analysis and half for hydrocarbon assay.

Individual whole

trout were homogenized, and lyophilized in polyethylene
vials and sent to the Analytical Chemistry Facility at
Colorado State University.

Lead determination was done by

atomic absorbtion using the chelation-extraction method
(Brooks, et al., 1967 ).

Tissue samples from fish in the

additional 1:1000 dilution were pooled to give sufficient
quantity for lead analysis.

Similar pooled tissues were

obtained from control fish.

Tissues analyzed were the skin,

muscle, head, gills and digestive tract.

The digestive

tract appeared empty in all fish but to prevent possible
contamination from food, I opened the tract and rinsed it
with distilled water.

For hydrocarbon assay 60 gram lots (5-8 fish) from
each group were ground in a Waring Blender with 300 ml
methylene chloride (Mallinckrodt, Nanograde) for 30
minutes.

The fish extracts were filtered, dried with

sodium sulfate, and held under nitrogen at -20°C.
Gas-liquid chromatography (GLC) of both water and
fish extracts was performed at the New Hampshire Water
Pollution Laboratory in Concord, New Hampshire.

Equipment

consisted of a Hewlitt-Packard ^02 Hi-efficiency gas
chromatograph.

The column was 1.8 m x ,6k cm O.D. glass

packed with 3f° 0V-1 on 90-100 mesh Anakron ABS .

Samples

of 1 ul as extracted were analyzed isothermally at 90° C .
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RESULTS
The standard solution contained 175 ppt> lead.
Amounts of lead in each tank and the average lead content
of individual fish held in that dilution are given in
Table 1.

Although the mean lead content of the trout

increased with increasing lead in the water, the statis
tical varience of lead in the fish was high.

The-• fore,

in comparisons of each group with the control using a "t"
test, only the 1 :1,000 fish showed significantly ( f < 0 .10)
greater lead content.

Tissue analysis for lead in 1:1,000

fish showed the 'highest levels in the digestive tract and
lowest in the gills (Table 2).

Exposed fish had slightly

higher levels of lead than control fish in muscle, skin
and gills, and 3*3 times more lead in the digestive tract.
Figure 1 (A) shows a chromatograph of the standard
solution with hydrocarbon peaks in the range of 10-100 ppm.
Control fish and exposed fish (1:1,000) are shown in (B) and
(0).

Numbered peaks range from 0.1-1 ppm in exposed fish

pr-.ri '-•orrespcr t to those in snowmobile exhaust indicating
ui
-'',ake.

Chromatogrufhs oi fish from the 1 :5.000 and 1 :25,000

dilutions were similar to the control group.

6

DISCUSSION
This experiment was intended to parallel a pond
experiment (Adams, 197^a) in which one liter of fuel was
"burned for each 15,000 liters of diluting water.

However,

the following factors ruled out quantitative comparisons.
Total lead and hydrocarbons from snowmobile exhaust probably
are distributed in sharply decreasing amounts outward
from the track as shown in automobile exhaust studies
(Cannon, 1962).

Deeper layers of snow beneath the track

were also contaminated (Adams, 197^b).

Although the top

1.3 cm layer contained the greatest amounts of lead and
hydrocarbons, this quantity represents an unknown fraction
of the total discharged.
Despite these factors I found certain similarities
in the pond fish and laboratory fish in the 1:1000 dilution.
Hydrocarbon peaks in both groups were similar indicating
uptake of the same exhaust components.

Site of hydrocarbon

uptake or amounts in various tissues were not determined,
but exhaust hydrocarbons like chlorinated hydrocarbon
pesticides probably are incorporated in fatty tissues
such as lateral line muscle and visceral fat (Parsons, 1970).
Lead appears to enter the fish, at least in part, by
ingestion.

The trout were fed sinking pellets that became

saturated in varying degrees with test solution before
being eaten.

The high lead content in digestive tract

7

tissue of laboratory fish suggests uptake from food.

The

pond study (Adams, 197^a) also showed lead uptake in trout
through food chain organisms.

8
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Table 1 .

Lead content of water in test aquaria and whole trout held in that dilution.

Dilution

Pb in fish (ppb)

Pb in water (ppb)
Mean

Standard solution

175.0

Standard Deviation

---

Control (well water)

4.0

640.0

.326

1 :25,000

4.3

680.0

.291

1 :5,000

5.7

820.0

.196

1 :1,000

12.5

910.0

.168

MD
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Table 2.

Mean lead content (ppm) of certain tissues of trout
held in control and in the 1 :1,000 dilution.a

Dilution

Head

Muscles

Skin

Digestive
Tract

Gills

Control

0A

0.2

0 .^-

0.6

0.1

1 :1,000

0A

0.3

0.6

2.0

0.2

^Determinations made to 1 place only
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Figure 1.— Chromatographs of (A) standard solution;
(B) exposed fish Is 1,000; (C) control fish.
Corresponding peaks are numbered.

Recorder response

Standard solution

Exposed fish (1:1000)

Control fish
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ABSTRACT
UPTAKE BY BROOK TROUT (Salvelinus fontinalis) OF
LEAD AND HYDROCARBONS FROM SNOWMOBILE EXHAUST
IV.

Stamina Tests

by
EVELYN S. ADAMS
Brook trout (Salvelinus fontinalis), held in
solutions of melted snow containing snowmobile exhaust for
2 and 3 weeks, were tested for stamina.

Individual fish

were placed in a measured current and their total swimming
time and number of upstream swimming attempts recorded.
Swimming time was significantly less for exposed fish than
controls after 2 and 3 week holding periods.

Number of

upstream attempts was less for exposed.fish after 2 weeks
in the exhaust solution but similar for exposed and control
groups at 3 weeks.

These results may be explained by re

duced feeding in exposed fish and uptake of lead and
hv Trocaruons .

v

INTRODUCTION
Brook trout (Salvelinus fontinalis) take up lead
and hydrocarbons from snowmobile exhaust in both field and
laboratory tests (Adams, 197^a and 197^ ) .

However, the

trout showed no physical or behavioral effects during
exposure times of 3 weeks.

To assess possible effects of

this uptake, I tested the performance of exposed and control
trout in a situation that simulated a naturally occurring
stress.
Stamina tests, the ability of a fish to swim against
a current, were used by Vibert (1956) to evaluate hatching
techniques and by Vincent (i960) to compare hatchery and
wild trout.

These techniques provided a rapid, inexpensive

measurement of performance under a natural stress, and I
repeated them with slight modifications discussed below.

1

2

MATERIALS AND METHODS
I obtained two hundred 7-7.5 cm brook trout from a
local hatchery.

Half were held in four 38 1 aquaria

containing well water with a pH of 6.8, 55 ppm bicarbonate
alkalinity and 4 ppb lead.

The other half were placed in

four 38 1 aquaria in a solution of melted snow containing
snowmobile exhaust plus well water.

By using the same

procedures as in previous uptake studies (Adams, 1974b)
I obtained a comparable 1:1000 test solution, one liter
of fuel burned/1000 liters of diluting water (melted snow
plus well water).

This solution contained 14.3 ppb lead

and .5-5 ppm hydrocarbons.

The aquaria were aerated and

the solutions renewed every day.
The fish were held in 8°C water for 3 weeks while
fed their normal hatchery ration twice daily.

I did stamina

tests on 50 exposed fish and 50 control fish after 2 weeks
in the aquaria and on the remaining groups at the end of
3 weeks.
Equipment for the stamina tests was similar to that
described by Vincent (i960).

Water was pumped at the rate

of 19 l/minute into a 189 liter reservoir to maintain a
constant head.

A spigot at the base of the reservoir

emptied into a 1.2 m section of wooden roof gutter with
a screen at either end.

The trough was tilted slightly

to produce a current of 0.6 m/second.
6°C and Og concentration was 7 ppm.

Water temeprature was
One fish at a time was

3

placed in the trough heading into the current.

I

recorded swimming time from the moment of release until
the fish lay motionless for 5 seconds against the backscreen.

I also counted the number of attempts made by each

fish to swim against the current.

Forward progress of more

than one body length from the back screen counted as an
attempt.

Twelve per cent of control fish and IQffo of

exposed fish swam toward the back screen and were dis
carded.

Since all fish were within .5 cm of the same

length, I did not attempt to correlate fish length and
swimming time.

RESULTS
Mean swimming time in a current of 0.6 m/sec.
for trout in each group is given in Table 1.

After 2

weeks in the aquaria the exposed group had significantly
shorter swimming time (P < .05) as shown by a "t" test.
At three weeks mean swimming time for exposed trout was
reduced to roughly half that of the controls.
A chi-square test showed that the number of up
stream swimming attempts was significantly less (P< .05)
for exposed fish than control fish after 2 weeks ir_ the
aquaria.

After 3 weeks, control as well as exposed fish

showed little upstream orientation, and were less stimulated
by contact with the sides of the trough and the back screen.
Number of swimming attempts of control fish approached
that of exposed fish (Figure l); but once an attempt was
made, swimming time for controls was significantly longer
(P < .01) than for exposed fish.
During the first 10 days of exposure trout in the
1:1000 solution were less interested in food than controls,
and frequently spit out individual pellets.

Feeding improved

in the exposed group by the end of the second week and
appeared similar to controls in the last few days.

Gas-

liquid chromatography of the test solution (Adams, 1 9 7 ^ )
showed a number of hydrocarbon compounds which may have
altered taste or texture of the sinking pellets.
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DISCUSSION
Fish behavior resembled that described by Vincent
(i960), but swimming time was reduced possibly due to colder
water and lower 0^ •
It is possible that 3 weeks confinement in small
aquaria may have obscured stamina differences between control
and exposed fish, especially total number of swimming attempts
made.

The observed feeding differences probably also

influenced test results.

Trout held in a similar 1:1000 solution in a previous
study showed lead and hydrocarbon uptake at potentially
harmful levels (Adams, 197^b).

Lowered stamina of exposed

fish is probably the result of this uptake in combination
with reduced feeding.

I did not attempt to measure amounts

of other exhaust components in the test solution and it is
possible that they contributed in part to the results.
Lead and hydrocarbons from snowmobile exhaust are
not distributed evenly throughout the water column (Adams,
197^ a ) ; neither can the entire exhaust content of a snow
mobile be recovered in the top layers of snow from the
track (Adams, 197^b).

For these reasons quantitative

results obtained by laboratory bioassay do not reflect the
total impact possible from snowmobile exhaust residues.
Previous studies (Adams, 179^a and b) indicate a greater
uptake of lead and hydrocarbons in the field than in the
laboratory.

Therefore, it is probable that the reduced

6

stamina in trout shown in this study would he more severe
under field conditions.

Also, the time of ice-out in lakes

and ponds and the resulting lead and hydrocarbon exposure
coincides with a period of low condition factors in trout.
Other species that migrate or spawn in early spring might
be especially vulnerable.
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Table 1.

—

Swimming time of trout exposed to snowmobile
exhaust for periods of 2 and 3 weeks.

3 We eks

2 V/eeks
Control

Exposed

Control

Exposed

Number of
fish timed

45

43

37

48

Mean time
(seconds)

45-5

38.la

41.8

23- 7°

Standard
deviation

1 6 .6

12.1

11.7

10.9

asignificantly less than controls (P < .05)
■u

significantly less than controls (P <.01)
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Figure 1.

Number of upstream swimming attempts made bypercentage of fish in each group.
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